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@ Patch antenna with polarization uniformity control. 

@ A patch antenna is fomied of one or more Hat disc-shaped radiators disposed parallel to and spaced 
apart from a common ground-plane element (14). At each radiator (18). there is a feed assembly of two 
feeds (24) positioned to one side of a center of the radiator in space quadrature and excited in phase 
quadrature for generating circularly polarized radiation from the radiator. Each of the feeds is fonrned as 
a post (38) extending through an aperture in the ground-plane element partway to the radiator for 
capacftive coupting with the radiator. At each radiator, a reactance element on the form of a capacrtive 
b\odk (26) extends from the ground-ptane element partway to the radiator at a location diametrically 
opposite the feed assembly. Capacitive reactance of the reactance element is approximately one order 
of magnitude less than the sum of the capacitive reactance of the two feeds at each radiator to reduce 
mutual coupling between the feeds of each radiator to counteract any elliptical polarization to produce 
accurately a crcular polarization. 
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BACKGROUND OF THE INVENTION 

This invention relates to electromagnetic patch 
antennas excited by dual feeds for generation of cir- 
cularly polarized radiation and, more particularly, to 5 
the inclusion of a capacitive block between radiator 
and ground plane to balance asymmetry in locations 
of the feeds to introduce unifonnity to the circularly 
polarized radiation. 

Patch antennas may be constructed individually io 
or in arrays of patch radiators operating with a com- 
mon ground plane for transmitting and receiving 
beams of electromagnetic radiation in a wide variety 
of situations including communication and radar. A 
patch antenna is suitable for use both in fixed and is 
mobile Installations. The light weight of a patch 
antenna enhances the suitability of the antenna for 
use in the construction of an antenna system to be 
carried by a satellite encircling the earth. 

In the usual construction of a patch antenna, one 20 
or nr>ore disc-shaped radiators are positioned in front 
of a ground-plane element, and spaced apart from the 
ground-plane element to permit radiation from the 
radiators. By way of example, the radiators and the 
ground-plane element may be formed of electricaily- 25 
conductive sheets such as thin layers of brass, cop- 
per, aluminum or other electrically-conductive 
material, and the sheets may be spaced apart by a 
layer of dielectric material. While patch antennas may 
be employed for the generation of radiation with 30 
linear, circular or elliptical polarization, the generation 
of circularly polarized radiation is of particular interest 
herein . Circularly polarized ra'diation is b bt airted fre - — 
quentiy by the use of two electromagnetic feeds 
located on a ground-plane element beneath a 35 
radiator, and located ninety degrees apart around a 
central axis of a radiator in a space-quadrature rela- 
tionship. The two feeds are excited with signals hav- 
ing sinusoidal waveforms which are ninety degrees 
out of phase, this being phase quadrature. Two well- 40 
known forms of feed are slots located in the ground 
plane element and extending both beneath and 
slighdy beyond the radiator, and posts which pass 
through apertures in the ground-plane element to 
extend partway to the radiator. 45 

A problern_arjs es in the foregoing ar ranq eme ntjof 
feeds. ifi^notedThat each of the feedsls excited inde- 
pendendy cTflSielDSTerraF^ 
pblarizatton of emEed raaiatioi^^ 

nriatibnof twblirieartyj^ 50 
pective ohes of thS feeds: Sin ce 
Tbcated off to one side of' the center of the radiator, the 
spacing between the feeds is sufficiently close to 
induce mutual coupling between the feeds. As a result 
of the mutual coupling, the circularly polarized radi- 55 
ation. which ideally has transverse components of 
equal magnitude, becomes slightly elliptical. As a 
result, the intensity of radiation varies with direction 



about a central axis of the radiator. This variation may 
introduce excessive signal loss, particulariy in the 
case of reception of weak signals. 

In the foregoing description, and in the ensuing" 
description of the patch antennas, reference Is made 
to the transmission of radiation. However, it Is to be 
understood that the patch antennas discussed herein 
operate in reciprocal fashton such that the radiation 
characteristics are the same for both transmission 
and reception. 

SUMMARY OF THE INVENTION 

The aforementioned problem is overcome and 
other advantages are provided by the present inven- 
tion, which encompasses a patch antenna which may 
include one or more radiators disposed in front of one 
or more ground-plane elements. To facilitate advan- 
tageous construction of the antenna, it is preferred 
that a single ground-plane element be employed. The 
tfwentionjs_e mpioyed with a patch radiator excited by^ 
a pairof feedsoperating in both space quadrature and 

■pnase quadfaRire'fo'provide^^^ 

^ignl The'mventio^^ 

^afTy'pola^zBd-radi^^ 

ingnfLlyln^di^^^ directions about a central axis of] 

a radiator. " " '^ ' ~' — 

The unifonmity is obtained, in the case of feeds 
constructed as capacitive posts, by the Introduction of 
a capacitive reactance element between the ground- 
plane element and the radiator, the capacitive react- 
ance component being located on a skle of the 
radiator opposite the locations of the two feeds. The 
capacitive reactance element Is equidistant from the 
two feeds. In a preferred emtjodiment of the Inventfon, 
the capacitive reactance element is constructed of a 
block of electrically conductive material upstanding 
from a front surface of the ground-plane element and 
extending partway to the bottom surface of the 
radiator. Since the posts of the feeds each introduce 
capacitive reactance to the antenna structure with a 
consequent mutual coupling between the feeds, the 
reactance introduced by the additional reactance ele- 
ment tends to Induce additional coupling with a gen- 
eratton of electric fields which partially cancel the 
electric fields of the mutual coupling between the 
feeds, so as to produce more accurate and uniform 
circulariy polarized radiation. 

BRIEF DESCRIPTION OF THE DRAWING 

The aforementk)ned aspects and other features 
of the invention are explained in the following descrip- 
tion, taken in connection with the accompanying 
drawing wherein: 

Fig. 1 is a top plan view of a patch antenna includ- 
ing a capacitive reactance block in accordance 
with the invention, the block and the feeds being 
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shown in phantom, the view applying to various 
embodiments of the invention, the figure showing 
one radiator of an antenna which may comprise 
a plurality of radiators; 

Fig. 2 is a side elevation view of the antenna of 
Fig. 1, Fig. 2 showing a radiator composed of a 
driven element and a parasitic element spaced 
apart from a ground-plane element, a coaxial con- 
nector being employed to couple microwave 
power to each of the feeds; 
Fig. 3 is a sectional view of the antenna of Fig. 1 
in accordance with a second embodiment of the 
invention wherein the elements of the antenna 
are spaced apart by layers of dielectric material, 
connection of microwave power from a trans- 
ceiver being made by microstrip transmission line 
to the feeds of a radiator, the view of Fig. 3 being 
taken along the line 3-3 in Fig. 1 and portraying, 
by way of example, two radiators of an array of 
radiators; and 

Fig. 4 is a diagrammatic view of a patch antenna 
composed of a set of four radiators arranged in a 
square, the radiators being rotated ninety deg- 
rees successively relative to each other for 
improved cancellation of any ellipticity in a pattern 
of radiation generated by the array of radiators. 
Fig. 4 also showing microwave circuitry for apply- 
ing the signal of a transmitter to the feeds of the 
various antenna elements in phase quadrature. 

DETAILED DESCRIPTION 

With reference to Figs. 1 and 2. there is shown a 
single element of a patch antenna 1 0. the antenna ele- 
ment comprising a radiator 12 supported above a 
ground-plane elenDent 14 for radiating circulariy 
polari zed radiation directed radially outward of a cent - 
ral axis 16 (Fig. 3) of the radiator 12. The radiator 12 
includes a dnvdn element 18 and a parasitic element 
20, the driven eleoient 18 t>eing positioned between 
the parasitic element 20 and the ground-plane ele- 
ment 14, Two feeds 22 and 24 extend upward from the 
ground-plane element 14 toward the driven element 
18 for exciting the radiator 12 to transmit circulariy 
polarized radiation. The antenna 1 0 operates in recip- 
rocal fashion during reception wne rein "the feeds 22 
and^4~ta:»p«grej5^^ 
cuIaHy polarized radiation.^ 

-In accordSfncewith the invention, the antenna ele- 
ment further comprises a reactive element in the form 
of a block 26 which is located on the top surface 28 
of the ground-plane element 14 and extends upward 
partway towards the bottom surface 30 of the driven 
element 18. The parasitic element 20, the driven ele- 
ment 18. and the ground-plane element 14 are con- 
structed of electrically conducting material, preferably 
a metal such as brass or aluminum. The block 26 is 
fabricated of the sanne material as the ground-plane 



element 14, and may be secured to the ground-plane 
element 14 by conventional methods such as by braz- 
ing. In the embodiment of Fig. 2, the parasitrc elenrrant 
20. the driven element 18, and the ground-plane ele- 

5 ment 14 each have a planar shape and are held par- 
allel to each other and spaced apart from each other 
by a rod 32. In the embodiment of Fig. 3, the parasitic 
element 20, the driven element 18 and the ground- 
plane element 14 are held in their respective positions 

10 by layers 34 and 36 of dielectric material, the layer 34 
being located between and contiguous the parasitic 
element 20 and the driven element 18, and the layer 
36 being located between and contiguous the driven 
element 18 and the ground-plane element 14. 

15 The feeds 22 and 24 have the same con3tructk)n. 

As shown in Fig. 2, the feed 24 is formed as a post 38 
with a cap 40 at the top end of the post 38. The bottom 
portion of the post 38 passes through an aperture 42 
in the ground-plane element 14 to become the center 

20 conductor of a coaxial connector 44 secured to the 
bottom surface of the ground-plane element 14. The 
post 38 is electrically insulated from the ground-plane 
element 14 so as to allow for signals propagating in a 
coaxial transmission line via the connector 44 to be 

25 impressed upon the feed 24. 

In Fig. 3, an antenna 10A is constructed as an 
embodiment of the invention which is an alternative to 
the embodiment of the antenna 10 of Fig. 1 . In Fig. 3, 
the antenna 10A includes the parasitic element 20, 

30 the driven element 1 8, and the ground-plane element 
14 which, as noted above, are positioned relative to 
each other by means of the dielectric layers 34 and 36 
rather than by means of the rod 32. Also included in 
the embodiment of Fig. 3 are the feeds 22 and 24 (only 

35 the feed 24 being visible in the view of Fig. 3), and the 
block 26. Coupling of the feeds 22 and 24 to an exter- 
nal signal source or receiver, such as a transceiver 
46, is provided by means of a microstrip transmission 
line 48. The transmission tine 48 is formed of a strip 

40 conductor 50 secured to the t>ottom side of the 
ground-plane element 14 by a layer 52 of dielectric 
material disposed between the conductor 50 and the 
ground-plane element 14. The dielectric layer 52 
maintains the strip conductor 50 parallel to and 

45 spaced apart by a predetermined distance from the 
ground-plane element 14. Both of the antenna ele- 
ments of the antenna 10A are of the same construc- 
tion, and include the radiator 12, the block 26, the 
feeds 22 and 24. and the microstrip transmission lines 

50 48. The post 38 of the feed 24. as well as of the feed 
22 (not shown in Fig. 3) are each disposed each within 
an aperture 54 in the layer 52, the aperture 54 extend- 
ing as a channel through the ground-plane element 14 
and the layer 36 to enable electrical connection be- 

55 tween the post 38 and the strip conductor 50 of the 
microstrip line 48. The dielectric layers 34. 36, and 52 
may be fabricated of a material such as fit>erglass 
embedded in epoxy or similar electrically insulating 
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material such as a dielectric board material sold under 
the trademark DUROID. 

In general, each of the elements of the rad iator 1 2 
in either of the antennas 10 and 10A are circular and 
have diameters approximately equal to one-half 5 
wavelength of the radiation transmitted by the radiator 
12. The parasitic element 20 is slightly smaller than 
the driven element 18 by an amount approximately 
ten to twenty percent of the diameter of the driven ele- 
ment 18. By way of example, in the construction of a 10 
patch antenna to radiate at L-band. the diameter of 
the driven component 18 is 3.9 inches while the 
diameter of the parasitic element 20 is 3.4 inches. The 
spacing on centers between radiators 12 in an array 
of radiators, such as the two radiators of Fig. 3, is 5.9 15 
inches in a preferred embodiment of the invention 
operating at L-band wherein the wavelength of the 
radiation is 7.4 inches. The same fonm of construction, 
but scaled in accordance with the wavelength of the 
radiation, can be used by way of example at S-band 20 
and C-band. The half-wavelength diameter of the 
radiator 12 provides for an electric field distribution in 
which th^ amplitude varies essentially sinusoidally 
about the perimeters of the radiator elements 18 and 
20 with a null at a plane passing through the axis 18 25 
as shown in a graph 56 appended to the left radiator 
12 in Fig. 3. The null at the axial plane occurs in both 
of the embodiments of Figs. 2 and 3. Accordingly, the 
rod 32 of Fig. 2 can be fabricated of electrically insulat- 
ing material or electrically conductive material since 30 
the electric field is zero at an axial plane. Nonzero 
values are indicated in Fig. 2 by electric field lines, E. 
interconnecting the driven element 18 and the 
ground-plane element 14 on Fig. 2, 

Fig. 4 shows a method of interconnecting thTl 35 
transceiver 46 with an antenna comprising an array of 
four radiators 12 anranged in a square an-ay upon 
ground-plane elements 14. Preferably, the ground- 
plane elements 14 are joined together as a single 
ground-plane element in which case the view of Fig. 40 
3 can be considered to be a sectional view also of the 
antenna of Fig. 4. liJ-Ql^e^Jg^^rovy^^ 
JPP<gged radiaUon. the feeds 22 and 24 are fed in 
phase quadrature by applying sinusoidal signals of 
equal frequency to the two feeds 22 and 24 at each 45 
radiator 12, the two signals differing in phase by ninety 
degrees. This is accomplished by the circuitry of Fig. 
4. An output signal of the transceiver 46 is coupled to 
an input port of a rat-race cou pler 58^ Qjjgjerrninal of 

grounded via a terminating resTstof so 

oO^h^JHm^ 

nals, one^ fwhich is irTpRase with the^signal of the 
tra_nscejyer46,j^^ 

wt^gTphasej^ signal of the 5Bn§ducfiL46. The 
in-phase si gnal is coupied via UneggJ o a hybrid coup - 55 

^ ot'which one te rminal is grgmded via ,a_ter- . 
'SinafingTe^^ 

o utput slg n^fson lines 68 and 70. The signal on line 



68 is in phase with the signal on line 62, and the signal 
on line 70 lags the signal on line 62 by ninety degrees. 
At the rat-race coupler 58. the out-of-phase signal is 
coupled via line 72 to a hybrid coupler 74 of which one 
tenninal is grounded via a terminating resistor 76, and 
the remaining two terminals output signals on lines 78 
and 80. The signal on line 78 is in phase with the sig- 

Lnal on line 72, and the signal on line 80 lags the signal 
on line 72 by ninety degrees. 

The signals outputted on lines 68. 70. 78, and 80 
are applied respectively to hybrid couplers 82, 84, 86. 
and 88. The hybrid couplers 82. 84, 86, and 88 func- 
tion in the same manner as do the couplers 64 and 74. 
In each of the couplers 82. 84, 86, and 88, one termi- 
nal is grounded via a tenminating resistor, and the 
remaining two tenmlnals apply in-phase and quadrat- 
ure signals to the feeds 24 and 22 located at respec- 
tive ones of the four radiators 22. The quadrature 
signal, in each case is applied to the feed 22 and lags 
the in-phase signal by ninety degrees, the latter signal 
being applied to the feed 24. 

By tracing the phase shifts of the various signals 
from the rat-race coupler 58 to the radiators 12, It is 
noted that the resultant electric field vector produced 
at each of the radiators 12 lags the electric field of the 
preceding radiator by ninety degrees. However, each 
of the antenna elements is rotated ninety degrees with 
respect to the preceding antenna element, with prog- 
ression around the array, to counteract the foregoing 
increments in phase shift. This results in a common 
direction of polarization of the electromagnetic field 
radiated from all of the radiators 12. Thereby, the 
square array of radiators 22 produces a beam of cir- 

perfect circular polarizatidn, due to individual elliptict- 
ties of the respective antenna elements are substan- 
tially canceled by the different orientations of the 
individual antenna elements. This enhances the 1 

unifonmity of the circular polarization. ■ ' 

In accordance with the invention, the uniformity of 
the circular polarization is enhanced still further by 
significantly reducing any ellipticity in the radiation 
pattern of any one antenna element such as that 
shown in Figs. 2 or 3. This is accomplished as follows. 
There is capacitance between the caps 40 of the 
feeds 22 and 24 and the bottom surface 30 of the dri- 
ven element 18. There is also capacitance between 
the block 26 and the bottom surface 30 of the driven 
element 18. With reference to Fig. 1 , longitudinal and 
transverse axes 90 and 92. respectively, are provided 
for reference. Both of these axes Intersect at the rod 
32. The longitudinal axis 90 bisects the distance be- 
tween the feeds 22 and 24 and passes through the 
center of the block 26. The feeds 22 and 24 are 
located to the right side of the transverse axis 92, and 
the block 26 is located to the leftside of the transverse 
axis 92. It is to be understood herein that the terms 
•top", "bottom*, "right", and "left" are used to facilitate 
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reference to the drawing figures, and are not intended 
to imply a preferred orientation to the antenna 10 or 
10A which may have any desired orientation including 
right-side up and up-side down. 

The location of the feeds 22 and 24 to the right 
side of the transverse axis 92 Introduces ellipticity to 
the circularly polarized fBdiation by virtue of a mutual 
coupling of signals of the feeds 22 and 24 through the 
capacitive reactances of the feeds 22 and 24 with the 
the driven element 18. While probes or feeds may 
introduce inductive or capacitive reactance or both 
forms of reactance, depending on the physical struc- 
ture of the feed, the reactance of the feeds 22 and 24 
is primarily capacitive. By introducing a relatively 
small compensating reactance at the location of the 
block 26, the ellipticity to the circular polarization is 
significantly reduced. The compensating reactance is 
capacitive and has a value equal approximately to 
one-tenth of the sum of the capacitive reactances of 
the feeds 22 and 24. Insofar as the connpensation is 
understood, it appears that the orientation of an elec- 
tric field of a signal propagating directly between the 
feeds 22 and 24 differs sufficientiy from the orientation 
of an electric field of a signal propagating from a feed 
22 or 24 to the block 26 so as to introduce significant 
cancellation and reduction of the mutual coupling be- 
tween the feeds 22 and 24. This reduces the ellipticity 
for the enhanced circular polarization. The positioning 
of the block 26 on the opposite side of the radiator 12 
from the feeds 22 and 24 is significant for developing 
the foregoing orientation of canceling electric fields 
because, as has been verified experimentally, a posi- 
tioning of the block 26 between the feeds 22 and 24 
increases the mutual coupling between the feeds 22 
and 24 with resultant degradation of the circular pol- 
arization. 

The following dimensions are used in construct- 
ing a prefen'ed embodiment of the invention in accord- 
ance with the antenna 1 0 of Fig. 2. The cap 40 of each 
of the feeds 22 and 24 has the shape of a circular disc 
with a diameter of 500 mfls. The top surface of the cap 
40 is spaced apart from the t>ottom surface of the dri- 
ven elenr»ent 18 by a spacing of 24 mils. The bottom 
surface 30 of the driven element 28 is spaced apart 
from the top surface 28 of the ground-plane element 
14 by a spacing of 400 mils. The spacing between the 
top and bottom surfaces respectively of the driven ele- 
ment 18 and the parasitic element 20 is 250 mils. The 
block 26 has a height of 250 mils, the top surface of 
the block 26 being spaced apart from the bottom sur- 
face of the driven element 1 8 by a spacing of 1 50 mils. 
In plan view, as viewed in Fig. 1 . the longitudinal sides 
of the block 26 each have a length of 650 mils, and the 
transverse sides of the block 26 each have a length 
of 450 mils. The theory of the invention applies to 
patch antenna elements constructed with a radiator 
comprising only the driven element 18 or comprising 
both the driven element 18 and the parasitic element 



20. The parasitic element 20 is employed in the pre- 
ferred embodiment of the invention to increase the 
bandwidth of radiation transmitted and received by 
the radiator 12. 
5 The patch antenna, as described at>ove, has a 

transmission bandwidth of 1.53 GHz (gigahertz) to 
1 .56 GHz. The receive band extends from 1 .63 GHz 
to 1.66 GHz. The retum loss as measured by standing 
wave ratio is less than 1:3 on transmission and less 
10 than 2.0 on receive. There is a low axial ratio of circu- 
lariy polarized radiation as measured along the lon- 
gitudinal and transverse axes 90 and 92 of Fig. 1, the 
axial ratio being less than 0.5 dB (decibels) on trans- 
mit and less than 2.0 dB on receive. The radial posh 
IS tions of the feeds 22 and 24 are adjusted to obtain the 
best value of input impedance match to the trans- 
ceiver 46, to thereby maximize transmission and 
reception of signal power, in the preferred embodi- 
ment of the invention, feeds 22 and 24 are each 
20 located approximately halfway between the center of 
the driven element 1 8 and the outer periphery of the 
driven element 18. With respect to the block 26 in the 
embodiment of Fig. 2, the transverse side of the block 
26 facing the rod 32 is spaced apart from the rod 32 
25 with a spacing of 850 mils. The precise location of the 
block 26 for best cancellation of ellipticity is deter- 
mined empirically. However, good cancellation of 
ellipticity can be obtained with the center of the block 
26 located at a radial distance from the rod 32 
30 approximately equal to, or slightly larger, approxinv 
ately three percent larger, than the spacing of either 
of the feeds 22 and 24 from the rod 32. The capacitive 
reactance of the block 26 can be enlarged by increas- 
ing the area of the top surface, as viewed in Fig. 1, 
35 and/or by decreasing the spacing between the top 
surface of the block 26 and the bottom surface 30 of 
the driven element 30. 

It is believed that other aspects of the geometry 
of the block 26 are useful in optimizing the unrfonmity 
40 of the circular polarization. Accordingly, the block 26 
is provided with rectangulariy shaped surfaces, this 
configuration having been found to optimize the 
unifonmity of the circular polarization. If desired, the 
height of the block may t>e increased, in which case 
45 the area of the top surface of the block 26 is to be dec- 
reased to maintain the same value of capacitance be- 
tween the block 26 and the driven element 18. 

The invention has achieved, in the case of a 
single radiating element, an axial ratio of radiation 
50 components less than approximately 1.0 dB over a 
bandwidth of 1 0.2 percent, and an axial ratki less than 
approximately 2.0 dB over a bandwidth of twenty- 
three percent. The overal 1 bandwidth is increased to 
twenty-seven percent by utilization of an array of 
55 antenna elements such as the rotational arrangement 
of antenna elements shown in Fig. 4. 

It is to be understood that the at>ove described 
embodiments of the invention are illustrative only, and 
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that modifications thereof may occur to those skilled 
in the art. Accordingly, this invention is not to be regar- 
ded as limited to the embodiments disclosed herein, 
but is to be limited only as defined by the appended 
claims. 



Claims 

1. A patch antenna comprising: 

an electrically conductive ground-plane 
element; 

an electrically conductive patch radiator; 

means for positioning said radiator in spa- 
ced-apart relation to said ground-plane element; is 

a first feed and a second feed disposed on 
said ground-plane element and facing said 
radiator, said first feed and said second feed 
being offset from a center of said radiator and 
being arranged in space-quadrature relation rela- 20 
tive to said radiator for generation of circularly 
polarized radiation at said radiator; and 

a reactance element disposed on said 
ground-plane element facing said radiator, said 
reactance element being located equally distant 25 
from said first and said second feeds and being 
located on a side of said radiator opposite said 
first and said second feeds, said reactance ele- 
ment cooperating with said first and said second 
feeds to introduce unifonmity to said circulariy 30 
polarized radiation. 

2, An antenna according to Claim 1 wherein each of 
said feeds comprises a post electrically insulated 
from said ground-plane element and extending 35 
from said ground-plane element partway to said 
radiator, each of said feeds being capacitively 
coupled to said radiator; and 

said reactance element is a capacitive 
reactance element ^ 

3. An antenna according to Claim 2 wherein said 
reactance element comprises electrically-con- 
ductive post means extending from said ground- 
plane element partway to said radiator to 4S 
introduce capacitive reactance between said 
ground-plane element and said radiator. 



An antenna according to Claim 3 wherein the total 
reactance produced by the post means of said 
first feed and said second feed is larger by 
approximately one order of magnitude than the 
reactance produced by the post means of said 
reactance element. 

An antenna according to Claim 4 wherein the post 
means of said reactance element is configured as 
a rectangular block. 



50 
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6. An antenna according to Claim 4 wherein said 
positioning means is an insulating rod extending 
from said ground-plane element to said radiator. 

7. An antenna according to Claim 4 wherein said 
positioning means is an electrically conductive 
rod extending from said ground-plane element to 
a center of said radiator, said radiator having a 
cross-sectional dimension equal to approxim- 
ately one-half wavelength of radiation emitted by 
said radiator. 

8. An antenna according to Claim 4 wherein sakJ 
positioning means comprises a layer of dielectric 
material extending from said ground-plane ele- 
ment to said radiator. 

9. An antenna according to Claim 4 wherein sakl 
radiator comprises a driven element and a para- 
sitic element said driven element and said para- 
sitic element being disc shaped and being parallel 
to each other, said driven element being located 
between said parasitic element and said ground- 
plane element, there being a spacer between said 
driven element and said parasitic element for 
maintaining a spaced-apart relationship between 
said driven element and said parasitic element 

10. A patch antenna comprising: 

an array of electrically conductive patch 
radiators; 

a common electrically-conductive ground- 
plane element, said patch radiators being spaced 
apart from each other and from said ground-plane 
element, each of said patch radiators being disc- 
shaped and disposed parallel to said ground- 
plane element; 

means for positioning said radiators in 
spaced-apart relation to said ground-plane ele- 
ment; 

a plurality of feed assemblies electromag- 
netrcally coupled to respective ones of saki 
radiators, each of said feed assemblies compris- 
ing a first feed and a second feed disposed on 
said ground-plane element and facing a respec- 
tive one of said radiators; and 

wherein, at each of said radiators, the first 
feed and the second feed are offset from a center 
of the radiator and arranged in spaced-quadrat- 
ure about a center of said radiator for generation 
of circulariy polarized radiation at said radiator; 
and 

said antenna further comprises a plurality 
of reactance elements disposed on said ground- 
plane element and electromagnetlcally coupled 
to respective ones of said radiators; and 

wherein, at each of said radiators, each 
reactance element is located substantially 
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equidistant from the ftrst and the second feeds 
coupled to said radiator, the reactance element 
being located on a side of said radiator opposite 
said first and said second feeds, said reactance 
element cooperating with said first and said sec- 5 
ond feed at each of said radiators to introduce 
uniformity to the circularly polarized radiation. 

11. An antenna according to Claim 10 wherein, at 
each of said radiators, each of said feeds com- io 
prises a post electrically insulated from said 
ground-plane element and extending from said 
ground-plane element partway to said radiator, 
each of said feeds being capacitively coupled to 

said radiator; and is 

said reactance element is a capacitive 
reactance element. 

12. An antenna according to Claim 11 wherein, at 
each of said radiators, said reactance element 20 
comprises electrically-conductive post means 
extending from said ground-plane element part- 
way to said radiator to introduce capacitive react- 
ance between said ground-plane element and 

said radiator. 25 

13. An antenna according to Claim 12 wherein, at 
each of said radiators, the total reactance pro- 
duced by the post means of said first and said 
second feed is larger by approximately one order 30 
of magnitude than the reactance produced by the 

post means of said reactance element. 
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